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CHOLINESTERASE ACTIVITY IN NEUROFIBROMAS IN VITRO*
SIDNEY N. KLAUS, M.D. AND R. K. WINKELMANN, M.D.
The presence of nonspecific cholinestcrase ac-
tivity in cutaneous neurofibromas was first dem-
onstrated some 3 years ago (1). This histochemi-
cal finding substantiated on the basis of function
what earlier studies had suggested on the basis
of structure: namely, that neurofibromas arc of
neuro-ectodermal origin.
Other dcrmal structures exhibiting cholines-
terase activity, such as cutaneous sensory end-
organs and dermal nevi, are also regarded as de-
rivatives of neural tissue. (Clinical expressions of
this histochcmical kinship may be seen in such
lesions as the neurofibromatous dcrmal nevus
(2) and the Pacinian neurofibroma (3). Localiza-
tion of cholinestcrase activity in neurofibromas,
however, is uneven and patchy, unlike that seen
in specific end-organs and nevi (4).
Recently we applied the cholincsterase technic
to ncurofibromas grown in vitro to determine
whether this histochemical reaction permits
identification of neuro-ectodermal elements in
vitro and whether a more precise localization
of cholincstcrase activity is possible than is ob-
tained in routinely sectioned tissue specimens.
MATERIALs AND METHODS
The specimens included in this study consisted
of five cutaneous neurofibromas obtained by
biopsy removal. Two were from patients with von
Reeklinghausen's disease and three were from
patients with solitary lesions.
One portion of each biopsy specimen was fixed
in 10 per cent formalin and stained with hematoxy-
lin and eosin. In a second portion the presence
of nonspecific cholinesterase was demonstrated
by the butyrylthiocholine method of Gomori
according to a technic outlined previously (5).
A third portion of each biopsy specimen was
dissected free of epidermis, and the central region
of the tumor was divided into fragments of 1 mm3
with paired scalpels for culture. The tissue frag-
ments were embedded into clots consisting of
reconstituted chick plasma and chick embryo
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extract (1:1) on glass cover slips. Eight to 14
cover-slip preparations were made from each
tumor. The nutrient solution for the cultures con-
sisted of Eagle's basal medium with 10 per cent
human serum.t Sufficient penicillin and strepto-
mycin were added to give a concentration of 100
units per milliliter of penicillin and 100 micro-
grams per milliliter of streptomycin. The tissues
were cultivated in stoppered Leighton tubes, each
containing 1.25 ml of the nutrient solution and
incubated at 36.5° C. The medium was changed
every 5 to 7 days. Approximately 2 weeks after the
cultures were started, the primary explants were
treated with a mixture of 0.1 per cent trypsin
and 0.05 per cent disodium ethylenediaminetetra-
acetate (EDTA) in calcium-free and magnesium-
free Tyrode's solution in order to obtain mono-
layer preparations. Subsequent transfers were
made with a 0.1 per cent trypsin mixture without
EDTA. The living cells were observed with the
aid of ordinary light microscopy and phase-
contrast microscopy. At various intervals, cover-
slip preparations were fixed in Bouin's solution
and stained with May-Grunwald-Giemsa stain or
with hematoxylin. The histochemical procedure
for detecting cholinesterase in the tissue culture
material was modified slightly, as follows. The
cover-slip cultures were removed from the Leigh-
ton tubes, rinsed briefly in Hank's balanced salt
solution, and fixed for 20 minutes in cold 10 per
cent saline-formalin. The specimens were then
washed in a saturated solution of sodium sulfate
for 15 to 20 minutes, incubated at 37° C in a butyr-
ylthiocholine-containing solution for 40 minutes,
washed in distilled water for 5 minutes, placed in 1
per cent ammonium sulfide for 2 to 4 minutes,
rinsed briefly in distilled water, and counter-
stained in hematoxylin. The specimens were then
dehydrated in graded alcohols, cleared in xylol,
and mounted with Permount on microscope slides.
Two methods of control were used: (1) Eserine(at 10 molar concentration) was added to the
sodium sulfate solution following fixation and
(2) the butyrylthiocholine substrate was omitted
from the incubating solution. The histochemical
studies were performed on primary explants dur-
ing the first 2 weeks of culture and on monolayer
cultures within the first 3 or 4 days after passage.
RESULTS
The histologic diagnosis of all five tumors was
cutaneous neurofibroma (fig. 1). Nonspecific
t Microbiological Associates, Bethesda, Mary-
land.
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FIG. 1. Cutaneous neurofibroma (hematoxylin and eosin; X 75)
FIG. 2. Nonspecific cholinesterase activity in a cutaneous neurofibroma (butyrylthiocholine substrate;
X 75).
cholinesterase activity was observed in a patchy
and uneven distribution on the biopsy sections
(fig. 2). Localization of the cholinesterase activity
at a cellular level was not possible. No morpho-
logic or enzymatic differences were noted between
the neurofibromas associated with von Reckling-
hausen's disease and those appearing as solitary
tumors.
In the primary tissue cultures, cellular out-
growtbs from the explants occurred within the
first 2 or 3 days of cultivation. The majority of
cells were spindle-shaped, with large, oval, lightly
staining nuclei; they were indistinguishable from
mesodermal cells (fibroblasts) which migrate
out from cultures of normal human dermis.
Within 10 to 18 days the spindle cells had in-
vaded the entire clot (fig. 3).
A few rounded or oval cells, occasionally con-
taining refraetile cytoplasmie granules, were
identified in some preparations after 4 or 5 days of
culture. They did not appear to proliferate in
vitro.
The monolayer preparations revealed a uni-
form growth of plump spindle cells rarely inter-
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Fio. 3. Cutaneous neurofibroma in tissue culture. Explant preparation, day 12 (May-Grunwald-
Giemsa; X 75).
Flu. 4. Cutaneous neurofibroma in tissue culture. Monolayer preparation, day 28 (May-Grtinwald-
Giemsa; x 75).
spersed with stellate forms or multinucleated
giant cells. No rounded cells were identified.
This morphologic pattern persisted thronghout
the remaining four to nine passages over a 2 to
3-month period (fig. 4).
Cholinesterase activity was recognized in a
few of the cells migrating from the primary ex-
plant in four of the five neurofibromas studied.
The cholinesterase-positive cells were rounded or
oblong in shape, often with eccentrically situated
nuclei, and they probably corresponded to the
clusters of rounded cells observed in the living
specimens (fig. 5). Cholinesterase activity was
absent in adjacent spindle cells. No evidence of
eholinesterase activity was found in any of the
cells of the secondary cultures.
COMMENT
The identification of specific cell types by
enzymatic histochemieal methods usually de-
pends upon the presence of a relatively distinct
and readily demonstrable enzyme or enzyme sys-
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FIG. 5. Nonspecific cholinesterase activity in cells of a cutaneous neurofibroma in tissue culture (dark
granules indicate activity). Explant preparation, day 10 (butyryithiocholine; a. X 675; b. X 1000; c.X 1000).
FIG. 6. Nonspecific cholinesterase in cells of an acoustic neurilemmoma in tissue culture. Explant
preparation, day 10 (butyrylthiocholine; X 650).
tern. In the present study we were able to label
certain cells by demonstrating the existence of
nonspecific cholinesterase. This enzyme, which
is absent from the usual cells of the human
dermis, is associated with neuro-ectodermally de-
rived structures, and its presence in cells culti-
vated from neurofibromas suggests their identifi-
cation as Schwann cells. Although the morphologic
characteristics of the Schwann cell in tissue cul-
ture are notoriously variable (6, 7) (depending,
for example, upon the nature of the nutrient
media and the physiologic state of the culture),
a similarity can be found between the rounded
cells described above and the Schwann cells of the
"B type" described by Murray and Stout (8)
in their tissue culture studies of specific nerve-
sheath tumors (neurilemmomas). In our labora-
tory we cultured a single cerebello-pontine angle
tumor (acoustic neurilemmoma) under the same
conditions as those of the present study and ob-
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served rounded "B type" cells almost identical
to the tagged cells of the cutaneous neuro-
fihromas. These cells were also positive for cho-
linesterase (9) (fig. 6).
The presence of large numbers of mesodermal
cells in our tissue culture preparations suggests a
mixture of mesodermal and ectodermal elements
in the original tumors. This finding may help to
explain the rather mottled distribution of cholin-
esterase activity observed in biopsy material.
The complete absence of cholinesterase-con-
taming cells in the monolayer cultures suggests
a selection of mesodermal elements by the condi-
tions of the culture, although the possibility of
loss of enzyme activity on the part of the Schwann
cells cannot be completely excluded.
The localization of cholinesterase activity in
the culture preparations was superior to that of
the sectioned tissue and may be attributed, in
part at least, to the utilization of intact cells
during the enzyme determinations.
5UMMARY
Cholinesterase-positive cells have been identi-
fled in tissue culture preparations of cutaneous
neurofibromas. These cells are thought to repre-
sent neuro-ectodermal elements (Schwann cells).
Tissue culture technics allowed more precise
localization of cholinesterase activity than is
routinely observed in biopsy material of cu-
taneous neurofibromas.
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